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(54) Bleed component collection apparatus 

(57) A blood component collection apparatus 1 has 
a controller 13 for controlling a centrifugal separator 
drive unit 1 0, a first liquid supply pump 1 1 , a second liq- 
uid, supply pump 12, and a plurality of flow path shutter 
means to execute a platelet collection operation. The 
controller 13. executes a plasma collection/constant- 
speed circulation step including a first plasma collection 
step of collecting anticoagulant-added blood by starting 



the first and second liquid supply pumps 11,12 and col- 
lecting a first predetermined amount of plasma into the 
plasma collection bag 25 and a plasma collection/accel- 
eration circulation step including a second plasma col- 
lection step of collecting the anticoagulant- added blood 
by starting the first and second liquid supply pumps 11, 
12 and collecting the plasma. 



Fig. 1 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a blood 
component collection apparatus for separating blood 
into predetermined blood components. 
[0002] To effectively utilize collected blood and 
reduce donor's burden, the collected biood is separated 
into various components centrifugally and components 
required for a donee are collected, whereas remaining 
components are returned to the donor. 
[0003] In obtaining a platelet product in this blood 
component collection process, the blood donated from 
the donor is introduced to a blood component collection 
circuit to separate it into four components of plasma, 
white cells, platelets, and red cells by a centrifugal sep- 
arator called a centrifugal bowl installed in the blood 
component collection circuit Then, the platelets are col- 
lected in a container to produce a platelet product, 
whereas the remaining components, namely, the 
plasma, the white cells, and the red cells are returned to 
the donor. 

[0004] As methods of collecting the platelets, first 
and second methods are disclosed in WO 94/25086 
(Japanese Patent Application Laid-Open No. 8- 
509403). In the first method, the whole blood is fed to 
the centrifugal bowl, with a dilute solution being added 
thereto at a predetermined flow rate. In the second 
method, the whole blood is sent to the centrifugal bowl 
to separate it centrifugally into a low-density compo- 
nent, an intermediate-density component, and a high- 
density component After the low-density component is 
retrieved in a first container, switch-over of circuits are 
made to circulate the low-density component at a first 
flow rate (fixed rate) and widen the intermediate-density 
component region in the centrifugal bowl. The interme- 
diate-density component is taken out from the centrifu- 
gal bowl while the low-density component is re- 
circulating at a second flow rate (accelerated rate). 
[0005] The first method, however, requires three 
pumps, namely, an ACD pump, a blood collection/return 
pump, and a circulation pump. Thus, the apparatus for 
the first method is large. In the second method, the 
platelets can be collected with two pumps. Thus, the 
apparatus for 'the second method is smaller than the 
apparatus for the first method. Nevertheless, the col- 
lected platelets include many white cells. There are 
demands for supply of a platelet-containing solution that 
can be produced as a platelet product containing a pos- 
sible fewest number of white cells. 
[0006] Accordingly, the object of the present inven- 
tion is to provide a compact blood component collection 
apparatus capable of producing a high-conc.entration . 
platelet-containing solution containing a small number 
of white cells at a high platelet collection efficiency. 



SUMMARY OF THE INVENTION 

[0007] The object of this invention is to provide a 
blood component collection apparatus comprising a 

5 blood component collection circuit including; a centrifu- 
gal separator having a rotor, an internal blood storage 
space, an inlet and an outlet communicating with said 
blood storage space and centrifugally separating blood 
introduced ihereinto through said inlet by a rotaiion of 

10 said rotor; afirst line for connecting a connecting portion 
of a blood collection needle or a blood collection instru- 
ment and said inlet of said centrifugal separator with 
each other, a second line connected to said outlet of 
said centrifugal separator; a third line connected to said 

is first line, for injecting an anticoagulant to said blood; a 
plasma collection bag having a first tube connected with 
said first line and a second tube connected with said 
second line; and a platelet collection bag connected 
with said second line; said blood component collection 

20 apparatus further comprising: a centrifugal separator 
drive unit for rotating said rotor of said centrifugal sepa- 
rator; a first liquid supply pump which is used for said 
first line and .located at a position of said first line 
between said centrifugal separator and a connecting 

25 portion for connecting said first tube to said first line; a 
second liquid supply pump which is used for said third 
line; a plurality of flow path shutter means for open- 
ing/closing flow paths of said blood component collec- 
tion circuit; and a controller for controlling said 

30 centrifugal separator drive unit, said first liquid supply 
pump, said second liquid supply pump, and a plurality of 
said flow path shutter means; wherein said controller 
controls said centrifugal separator drive unit, said first 
liquid supply pump, said second liquid supply pump, 

35 and a plurality of said flow path shutter means to exe- 
cute a platelet collection operation including: a plasma 
collection/constant-speed circulation step including a 
first plasma collection step of collecting anticoagulant- 
added blood by starting said first and second liquid sup- 

40 ply pumps and collecting a predetermined amount of 
plasma into said plasma collection bag by activating 
said centrifugal separator drive unit; and a constant- 
speed plasma circulation step which is executed after 
said execution of said first plasma collection step termi- 

45 nates to temporarily suspend a blood collection and cir- 
culate said plasma contained in said plasma collection 
bag to said centrifugal separator at a constant speed by 
activating said centrifugal separator drive unit; a plasma 
collection/acceleration circulation step including a sec- 

so ond plasma collection step which is executed after said 
execution of said plasma collection/constant-speed cir- 
culation step terminates to collect said anticoagulant- 
added blood by starting said first and second liquid sup- 
ply pumps and collect said plasma by activating said 

55 centrifugal separator drive unit; and an acceleration 
plasma circulation step which is executed after said exe- 
cution of said second plasma collection step is executed 
to temporarily suspend said blood collection and circu- 
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late said plasma contained in said plasma collection 
bag to said centrifugal separator at an accelerated 
speed by activating said centrifugal separator drive unit, 
a platelet* collection step which is executed alter said 
execution of said plasma collection/acceleration circula- 
tion stepterminates to flow out platelets from said cen- 
trifugal separator and collect said platelets into said 
platelet collection bag by accelerating a plasma circula- 
tion rate by means of said first liquid supply pump, and 
a blood return step which is executed after said execu- 
tion of said platelet collection step terminates to return 
said blood inside said centrifugal separator to a donor. 

' BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Fig. 1 is a schematic drawing of* an example of the 

construction of a blood component collection circuit 

used in a blood component collection apparatus 

according to the present invention. 

Fig. 2 is a plan view showing a cassette housing of 

the blood component collection circuit shown in Fig. 

1. 

Fig. 3 is a partially cutaway sectional view showing 
the state in which a drive unit is mounted on a cen- 
trifugal separator used in a" blood component col- 
lection circuit. 

Fig. 4 is a schematic drawing of a blood component 
collection apparatus according to an embodiment 
of the present invention having a blood component 
collection circuit mounted thereon. 
Fig. 5 is a flowchart for describing the operation of 
the blood component collection apparatus accord- 
ing to the present invention. 
Fig. 6 is a flowchart for describing the operation of 
the blood component collection apparatus accord- 
ing to the present invention. 
Fig. 7 is the flowchart for describing the operation of 
a blood .component collection apparatus according 
to the present invention. \ 

Fig. 8 is a flowchart for describing the operation of 
the blood component collection apparatus accord- 
ing to the present invention. 
Fig. 9 is a flowchart for describing the operation of 
the blood component collection apparatus accord- 
ing to the present invention. 

Fig. 10 is a flowchart for describing the operation of 
the blood component collection apparatus accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF REPRESENTATIVE 
EMBODIMENTS 

[0009] A blood component collection apparatus 
according to the present invention will be described with 
reference to embodiments shown in the accompanying 
drawings. 



[0010] A blood component collection apparatus 1 
according to the present invention has a blood compo- 
nent collection circuit 2 including a centrifugal separator 
20 having a rotor 142, an internal blood storage space 

5 and an inlet and an outlet bo.th communicating with the 
internal blood storage space and centrifugally separat- 
ing blood introduced into the internal blood storage 
space through the inlet by a rotation of the rotor 142; a 
first line 21 for connecting a connector of a blood ccllec- 

10 tion needle 29 or a blood pool and the inlet of the cen- 
trifugal separator 20 with each other; a second line 22 
connected to the outlet of the centrifugal separator 20; a 
third line 23 connected to the first line 21 and injecting 
an anticoagulant to the blood; a plasma collection bag 

75 25 having a first tube 25a connected with the first line 21 
and a second tube 25b connected with the second line 
22; and a platelet collection bag 26 connected with the 
second line 22. 

[0011] Referring to Fig. 4 in particular, the blood 
20 component collection apparatus 1 has a centrifugal sep- 
arator drive unit 10 for rotating the rotor 142 of the cen- 
trifugal separator 20; a first liquid supply pump 1 1 to be 
used individually for the first line 21; a second liquid 
supply pump 12 to be used individually for the third line 
25 23; a plurality of flow path shutter means 81 , 82, 83, 84, 
85, 86, and 87 for opening/closing flow paths of the 
blood component collection circuit 2, and a controller 13 
for controlling the centrifugal separator drive unit 10, the 
first liquid supply pump 11, the second liquid supply 
30 pump 12, and a plurality of the flow path shutter means 
81, 82, 83, 84, 85, 86, and 87. 

[0012] The blood component collection circuit 2 will 
be described in detail below. 

[0013] The blood component collection circuit 2 is 

35 used to collect a blood component, more specifically, 
platelets. The blood component collection circuit 2 
includes a blood collector such as a blood collection 
needle 29 or a connector (connector of blood collector) 
connected with the blood collection needle 29 or with a 

40 blood collector having a blood pool connector; the first 
line 21 (blood collection/blood return line) connecting 
the blood collection needle 29 or the connector of the 
blood collector and the inlet of the centrifugal separator 
20 with each other and having a first pump tube 21 g; the 

45 second line 22 for connecting the outlet of the centrifu- 
gal separator 20 and the first line 21 with each other; the 
third line (anticoagulant injection line) 23 connected wit 
a position, of the first line 21 , near the blood collection 
needle 29 and having a second pump tube 23a; a 

so plasma collection bag 25 having the first tube 25a con- 
nected with a position, of the first line 21, located 
between the blood collection needle 29 and the first 
pump tube 21 g and the second tube 25b connected with 
the second line 22; the platelet collection bag 26 having 

55 a third tube^ 26a connected with the second line 22; a 
buffy coat collection bag 27 having a fourth tube 27a 
connected with the second line 22; and a fourth line 24 
connected with the second line 22 and injecting liquid 
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(physiological salt solution). Instead of the blood collec- 
tion needle 29, the blood component collection circuit 2 
may employ a connector (such as a metal or plastic 
needle) to be connected with a blood pool such as a 
blood bag. s 
[0014] A known metal needle is used as the blood 
collection needle 29. The first line 21 includes a blood 
collection needle-side part 21a with which the blood col- 
lection needle 29 is connected and a centrifugal separa- 
tor-side part 21b with which the inlet of the centrifugal 10 
separator 20 is connected. The blood collection needle- 
side part 21 a is formed of a plurality of soft plastic tubes. 
The blood collection needle-side part 21a has the fol- 
lowing elements arranged as viewed from the side of 
the blood collection needle 29: a branching connector 15 
21c for connecting the blood collection needle-side part 
21a and the third line 23 with each other; a chamber 
21 d for removing bubbles and micro-aggregates; a 
branching connector 21 e for connecting the blood col- 
lection needle-side part 21a and the second line 22 with 20 
each other; and a branching connector 21f for connect- 
ing the first line 21 and the first tube 25a of the plasma 
collection bag 25 with each other. The chamber 21d is 
connected to an air-permeable and germ-blocking filter 
21 i. The centrifugal separator-side part 21b is con- 25 
nected with the branching connector 21f connected with 
the first tube 25a and has the first pump tube 21 g 
formed in the vicinity of the branching connector 211 
[0015] The second line 22 connecting the outlet of 
the centrifugal separator 20 and the first line 21 with 30 
each other has an end thereof connected to the outlet of 
the centrifugal separator 20 and the other end thereof 
connected to the branching connector 21 e for connect- 
ing the blood collection needle-side part 21a and the 
second line 22 with each other. The second line 22 has 35 
the following elements arranged as viewed from the 
side of the centrifugal separator 20: a branching con- 
nector 22a for connecting the second line 22 with the 
second tube 25b of the plasma collection bag 25 and 
with the third tube 26a of the platelet collection bag 26; 40 
a branching connector 22b for connecting the second 
line 22 with the fourth line 24; a branching connector 
22c for connecting the second line 22 with a tube having 
a bubble-removing filter 22f ; and a branching connector 
22d for connecting the second line 22 with the fourth 45 
tube 27a' connected with the buffy coat collection bag 
27. 

[0016] The third line 23 is connected with the 
branching connector 21c having an end thereof con- 
nected to the first line 21. The third line 23 has the fol- so 
lowing elements arranged as viewed from the connector 
21c: a pump tube 23a; a foreign matter removing filter 
23b; a bubble removing chamber 23c; and an anticoag- 
ulant container-connecting needle 23d. 
[0017] One end of the fourth line 24 is connected 55 
with the branching connector 22b for connecting the 
second line 22 and the fourth line 24 with each other. 
The fourth line 24 has the following elements arranged 
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as viewed from the connector 22b: a foreign matter- 
removing filter 24a and a physiological salt solution con- 
tainer connecting needle 24b. 

[0018] The plasma collection bag 25 includes the 
first tube 25a connected with the branching connector 
21f located between the blood collection needle 29 and 
the pump tube 21 g of the first line 21 ; and the second 
tube 25b connected with the branching connector 22a 
of the second line 22. The platelet collection bag 26 
includes the third tube 26a connected with the branch- 
ing connector 22a of the second line 22. The buffy coat 
collection bag 27 includes the fourth tube 27a con- 
nected with the branching connector 22d of the second 
line 22. 

[0019] The tubes and the pump tubes used to form 
the first to fourth lines and the tubes connected to the 
bags as described above are composed of such materi- 
als as polyvinyl chloride, polyethylene, polypropylene, 
polyester such as PET or PBT, ethylene- vinyl acetate 
copolymer, polyurethane, polyester elastomer, thermo- 
plastic elastomer such as styrene-butadiene-styrene 
copolymer. Of all these component materials, polyvinyl 
chloride is the most favorable. If all the tubes are made 
of polyvinyl chloride, they have sufficient flexibility and 
plasticity for easy handling. Also, this material is suitably 
used to cope with clogging caused by a clamp and the 
like. Component materials similar to these tube materi- 
als can also be used to form the branching connectors. 
The pump tubes strong enough to bear a pressure 
applied thereto by roller pumps 11, 12 are used in the 
embodiment. 

[0020] Each of the plasma collection bag 25, the 
platelet collection bag 26, and the buffy coat collection 
bag 27 is composed of layers of flexible plastic sheets 
having the peripheral edges thereof fusion bonded 
(thermally or with high frequencies) or adhered. Soft 
polyvinyl chloride is the most favorable material for 
forming the bags 25, 26, and 27. Plasticizers used for 
the soft polyvinyl chloride include, for example, di -(ethyl - 
hexyl) phthalate (DEHP), di-(n-decyl) phthalate (DnDP) 
and the like. The content of these plasticizers preferably 
ranges from approximately 30 to 70 parts by weight for 
100 parts by weight of the polyvinyl chloride. 
[0021] Other sheet materials that can be used to 
form the bags 25, 26, and 27 are polyolefin, namely, a 
•polymer formed by polymerizing or copolymerizing an 
olefin or di-olef in of ethylene, propylene, butadiene, iso- 
prene or the like. More specifically, polyethylene, poly- 
propylene, ethylene-vinyl acetate copolymer (EVA), 
polymer blend of EVA and various thermoplastic elas- 
tomers, etc. or an arbitrary combination thereof can be 
used. Still other applicable materials include polyester 
such as polyethylene terephthalate (PET), polybutylene 
terephthalate (PBT), poly-1, 4-cyclohexanedimethyl 
terephthalate (PCHT) and polyvinylidene chloride. 
[0022] It is preferable to use a sheet material supe- 
rior in gas permeability for the platelet collection bag 26 
for assuring an improved platelet shelf life. Such sheet 
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materials include the above-mentioned polyolefin or 
DnDP plasticized polyvinyl chloride, etc. Alternatively, 
comparatively thin (for example, about 0.1 to 0.5 mm 
thick, or especially, about 0.1 to 0.3 mm thick) materials 
can be preferably, used.- The platelet collection bag can 
be preliminarily filled with a platelet preservation liquid 
such as physiological salt solution, GAC, PAS, PSM-1 . 
[0023] Essential portions of the blood component 
collection circuit 2 are housed in a cassette, as shown in 
Fig. 2. The blood component collection circuit 2 includes 
a cassette housing 28 partially accommodating or par- 
tially holding all the lines (first, second, third, and fourth 
lines) and all the tubes (first, second, third, and fourth 
tubes). In other words, they are partially fixed to the cas- 
sette housing 28. The cassette housing 28 holds both 
ends of the first pump tube 21 g and the second pump 
tube 23a fixed thereto. The pump tubes 21g, 23a project 
from the cassette housing 28 in* the shape of a loop in 
correspondence to that of the roller pumps 11, 12, 
respectively. Therefore, the first and the second pump 
tubes 21g, 23a can be readily mounted on the roller 
pumps 1 1 , 12, respectively. 

[0024] Further, the cassette housing 28 has a plu- 
rality of openings located therein. Specifically, located in 
the cassette housing 28. are a first opening 91 that 
exposes the portion of the first line 21 between the 
blood collection needle 29 and the pump tube 21 g and 
can be penetrated by the first flow path shutter means 
81 of the blood component collection apparatus 1; a 
second opening 92 that exposes the first tube 25a of the 
plasma collection bag 25 and can be penetrated by the 
second flow path shutter means 82 of the blood compo- 
nent collection apparatus 1; a third opening 93 that 
exposes the second tube 25b of the plasma collection 
bag 25 and can be penetrated by the third flow path 
shutter means 83 of the blood component collection 
apparatus 1 ; a fourth opening 94 that exposes the third 
tube of the platelet collection bag 26 and can be pene- 
trated by the fourth flow path shutter means 84 of the 
blood component collection apparatus 1 ; a fifth opening 
95 that exposes the portion (upstream side) of the sec- 
ond line 22 located between the centrifugal separator 
(connector 22c) 20 and the connector 22d for connect- 
ing the fourth tube 27a of the buffy coat collection bag 
27 and the second line 22 with each other and can be 
penetrated by the fifth flow path shutter means'85 of the 
blood component collection apparatus 1; a sixth open- 
ing 96 that exposes the portion of the second line 22 
located between the connector 21 e for connecting the 
first line 21 and the second line 22 with each other and 
the connector 22d for connecting the fourth tube 27a of 
the buffy coat collection bag 27 and the second line 22 
with each other and can be penetrated by the sixth flow 
path shutter means 86 of the blood component collec- 
tion apparatus 1 ; and a seventh opening 97 that 
exposes the fourth line 24 and can be penetrated by the 
seventh flow path shutter means 87 of the blood.compo- 
nent collection apparatus 1. 



[0025] The above-mentioned branching connectors 
are fixed to the inner surface of the cassette housing 28. 
In the vicinity of the side surface of the cassette housing 
28, there are provided reinforcing tubes for holding the 

5 lines and tubes projecting from the side surface of the 
cassette housing 28 and preventing them from being 
bent The cassette housing 28 is box-shaped and con- 
tains parts indicated with dashed lines of Fig. 2. The 
cassette housing 28 is formed of synthetic resin having 

70 a certain degree of rigidity. . 

[0026] The blood component collection apparatus 1 
includes a cassette housing-mounting portion (not 
shown). When the cassette housing 28 is mounted on 
the cassette housing-mounting portion of the blood 

15 component collection apparatus 1, the lines and the 
tubes exposed from the openings of the cassette hous- 
ing 28 are automatically mounted on the corresponding 
flow path shutter means, respectively. Thus, the blood 
component collection circuit 2 can be easily mounted on 

20 the blood component collection apparatus 1 and rapid 
preparations for collecting blood components can be 
accomplished. The blood component collection appara- 
tus 1 has two pumps proximately to the cassette hous- 
ing-mounting portion. Thus, the pump tubes exposed 

25 from the cassette housing 28 can be easily mounted on 
the pumps. 

[0027] The centrifugal separator 20, a so-called 
centrifugal bowl, is mounted on the blood component 
collection circuit 2 to separate blood into components by 

30 a centrifugal force. As shown in Fig. 3, the centrifugal 
separator 20 includes a tubular member 141 extending 
vertically and having an inlet 143 formed at the upper 
end thereof and a hollow rotor 1*42 sealed to prevent liq- 
uid from flowing thereinto from an upper portion 145 of 

35 the centrifugal separator 20 and rotating around the 
tubular member 141. The rotor 142 has a flow path 
(blood storage space) formed along the bottom and the 
inner peripheral surface thereof. An outlet 144 is so 
formed as to communicate with the upper portion of the 

40 flow path. The volume of the rotor 142 ranges from 100 
to 350 ml. 

[0028] The rotor 142 is rotated under predeter- 
mined centrifugal conditions (rotational speed and rota- 
tion time) set by the rotor (centrifugal separator) drive. 

45 unit 10 of the blood component collection apparatus 1. 
Based on the centrifugal conditions, patterns (for exam- 
ple, the number of blood components to be separated) 
of blood separation to be made in the rotor 142 can be 
set. As shown in Fig. 3, according to the embodiment 

so the centrifugal conditions are set such that the blood is 
separated into a plasma layer (inner layer) 131 , a buffy 
coat layer (intermediate layer) 132, and a red cell layer 
(outer layer) 133 laminated in the flow path of the rotor 
142. 

55 [0029] Referring to Fig. 4, the blood component col- 
lection apparatus 1 according to the present invention 
will be described. 

[0030] The blood component collection apparatus 1 
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includes the centrifugal separator drive unit 10 for rotat- 
ing the rotor 142 of the centrifugal separator 20; the first 
liquid supply pump 1 1 to be used individually for the first 
line 21; the second liquid supply pump 12 to be used 
individually for the third line 23; a plurality of the flow 
path shutter means 81, 82, 83, 84, 85, 86, and 87 for 
opening/closing the flow paths of the blood component 
collection circuit 2; and the controller 13 for controlling 
ihe centrifugal separator drive unit 10, the first liquid 
supply pump 1 1 , the second liquid supply pump 12, and 
the flow path shutter means 81 , 82, 83, 84, 85, 86, and 
87. The blood component collection apparatus 1 further 
includes a turbidity sensor 14 mounted on the portion, 
of the second line 22, located between the centrifugal 
separator 20 and the connector 22a for connecting the 
second tube 25b with the second line 22; an optical sen- 
sor 15 mounted above the centrifugal separator 20; and 
a weight sensor 16 for detecting the weight of the 
plasma collection bag 25. 

[0031] The controller 13 includes two pump control- 
lers (not shown) one of which is used individually for the 
first liquid supply pump 1 1 and the other of which is 
used individually for the second liquid supply pump 12. 
A control mechanism of the controller 13 is electrically 
connected to the first liquid supply pump 1 1 through the 
one pump controller and to the second liquid supply 
pump 12 through the other pump controller. A drive con- 
troller of the centrifugal separator drive unit 10 is electri- 
cally connected with the controller 13. The flow path 
shutter means 81 , 82, 83, 84, 85, 86, and 87 are all con- 
nected with the controller 13 for controlling the open- 
ing/closing thereof. The turbidity sensor 14, the optical 
sensor 15 installed above the centrifugal separator 20, 
and the weight sensor 16 for detecting the weight of the 
plasma collection bag 25 are electrically connected with 
the controller 13 to which signals are transmitted from 
these sensors. The control mechanism of the controller 
13 is constructed of a microcomputer. Detection signals 
outputted from the weight sensor 16, the optical sensor 
15, and the turbidity sensor 14 are applied to the con- 
troller 13. The controller 13 controls the start and stop of 
the rotation and rotational direction (forward/backward) 
of each pump, based on the signals applied thereto 
from the turbidity sensor 14, the optical sensor 15, and 
the weight sensor 1 6. The controller 1 3 also controls the 
opening/closing of the flow path shutter means 81 , 82, 
83, 84, 85, 86, and 87 and the centrifugal separator 
drive unit 10. 

[0032] The first flow path shutter means 81 is used 
to open/close the portion of the first line 21 located 
between the blood collection needle 29 and the pump 
tube 21g. The second flow path shutter means 82 is 
used to open/close the first tube 25a of the plasma col- 
lection bag 25. The third flow path shutter means 83 is 
used to open/close the second tube 25b of the plasma 
collection bag 25. The fourth flow path shutter means 84 
is used to open/close the third tube 26a of the platelet 
collection bag 26. The fifth flow path shutter means 85 
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is used to open/close the portion of the second line 22 
located between the centrifugal separator 20 and the 
connector 22d for connecting the second line 22 with 
the fourth tube 27a of the buffy coat collection bag 27. 

5 The sixth flow path shutter means 86 is used .to 
open/close the portion of the second line 22 located 
downstream from the connector 21 e for connecting the 
first line 21 and the second line 22 with each other to the 
connector 22d for connecting the fourth tube 27a of the 

70 buffy coat collection bag 27 and the second line 22 with 
each other. The seventh flow path shutter means 87 is 
used to open/close the fourth line 24. Each of the flow 
path shutter means 81 through 87 has an insertion por- 
tion on which the lines or the tubes are installed. The 

is insertion portion has a clamp to be operated by a drive 
source such as a solenoid, an electric motor, and a 
hydraulic or pneumatic cylinder. An electromagnetic 
clamp to be operated by the solenoid is preferable. The 
clamp of each of the flow path shutter means 81 through 

20 87 is operated based on a signal transmitted thereto 
from the controller 13. 

[0033] As shown in Fig. 3, the centrifugal separator 
drive unit 10 includes a rotor drive unit housing 151 
accommodating the centrifugal separator 20, a pedestal 

25 152, a motor 153 constituting the drive source, and a 
disk-shaped rest 155 for holding the centrifugal separa- 
tor 20. The housing 151 is fixedly mounted on the ped- 
estal 152. The motor 153 is fixed to the lower surface of 
the housing 151 with a bolt 156 via a spacer 157. The 

so upper end of the rotary shaft 154 of the motor 153 is fit- 
ted in the rest 155 such that the rest 155 rotates coaxi- 
ally and integrally with the rotational shaft 154. The 
upper portion of the rest 155 has a recess formed 
therein into which the bottom of the rotor 142 is fitted. 

35 The upper portion 145 of the centrifugal separator 20 is 
fixed to the housing 151 with a fixing member not 
shown. Once the motor 153 for the rotor drive unit 10 is 
started, the rest 155 and the rotor 142 fixed thereto are 
rotated at a rotational speed ranging from 3000 to 6000 

40 rpm. 

[0034] The rotor drive unit housing 1 51 t»as the opti- 
cal sensor 15 fixedly mounted on an inner wall thereof 
with a mounting member 158. The optical sensor 15 
optically detects the boundaries between separated 

45 blood components (for example, the boundary B 
between the plasma layer 131 and the buffy coat layer 
132 and the boundary between the buffy coat layer 132 
and the red cell layer 133) in the centrifugal separator 
20. The optical sensor 15 is of a type capable of verti- 

50 cally scanning the peripheral surface of the rotor 142. 
The optical sensor 1 5 indudes a light source for emitting 
a light beam to a shoulder portion of the centrifugal sep- 
arator 20 and a light-receiving part for receiving a light 
beam reflected by the centrifugal separator 20 and 

55 returned therefrom. That is, a light emitting element 
such as an LED or laser and a light-receiving element 
are arrayed in a row. A light beam emitted by the light 
emitting element and reflected by a blood component is 



EP 0 992 256 A2 



6 



11 



EP 0 992 256 A2 



12 



received by the light-receiving element, and the amount 
of the received light is photoelectrical^ converted. 
Because the intensity of the reflected light varies 
depending on the separated blood component (for 
example, the boundary B between the plasma layer 131 5 
and the buffy coat layer 132), a position of the light- 
receiving element at which the amount of received light 
has changed is detected as the corresponding position 
of the boundary B. More specifically, the arrival of the 
buffy coat layer at a light passage portion is detected, 10 
based on the difference between the amount of 
received light at the time when the light passage portion 
of the centrifugal separator 20 is filled with a transparent 
liquid (plasma or water) and the amount of received light 
at the time when the light passage portion thereof is 75 
filled with the buffy coat layer. The detection position of 
the buffy coat layer is adjusted by changing a light pas- 
sage position in the centrifugal separator 20. Normally, 
the detection of the light passage position is unchange- 
ably set. 20 
[0035] The turbidity sensor 14 detects the turbidity 
of a fluid flowing through the second line 22 and outputs 
a voltage corresponding to the detected turbidity. Spe- 
cifically, the turbidity sensor 14 outputs a low voltage 
when the turbidity is high, while it outputs, a high voltage 25 
when the turbidity is low. 

[0036] As each of the first liquid supply pump 1 1 on 
which the pump tube 21 g of the first line 21 is mounted 
and the second liquid supply pump 12 on which the 
pump tube 23a of the third line 23 is mounted, a roller 30 
pump or a peristaltic pump which is kept out of contact 
with the blood is preferably used. A pump that can sup- 
ply the blood in either direction is used as the first liquid 
supply pump 1 1 (blood pump). A roller pump capable of 
rotating forward/ backward is used. 35 
[0037] The controller 13 executes a plasma collec- 
tion/constant-speed circulation step and then, a plasma 
collection/acceleration circulation step. More specifi- 
cally, the plasma collection/constant-speed circulation 
step includes a first plasma collection step of collecting 40 
anticoagulant-added blood by starting the first and sec- 
ond liquid supply pumps 11,12 and collecting a first pre- 
determined amount of plasma into the plasma collection 
bag 25 by activating the centrifugal separator drive unit 
10. The plasma collection/constant-speed circulation 45 
step also includes a constant-speed plasma circulation 
step of temporarily suspending the blood collection and 
circulating the plasma contained in the plasma collec- 
tion bag 25 to the centrifugal separator 20 at a constant 
speed by activating the centrifugal separator drive unit so 
10. The plasma collection/acceleration circulation step 
indudes a second plasma collection step of collecting 
the anticoagulant-added blood by starting the first and . 
second liquid supply pumps 11, 12 and collecting the 
plasma by activating the centrifugal separator drive unit 55 
10 until a boundary sensor detects a predetermined 
position (for example, BC layer). The plasma collec- 
tion/acceleration circulation step also includes an accel- 



eration plasma circulation step of temporarily 
suspending the blood collection after the second 
plasma collection step terminates and circulating the 
plasma contained in the plasma collection bag 25 to the 
centrifugal separator 20 at an accelerated speed by 
activating the centrifugal separator drive unit 10. In the 
second plasma collection step, the boundary sensor 
detects the boundary between blood components. 
Thus, detection of the weight of the plasma bag is not 
executed. 

[0038]. The controller 13 of the blood component 
collection apparatus 1 according to the embodiment 
controls the centrifugal separator drive unit 10, the first 
liquid supply pump 11, the second liquid supply pump 
12, and a plurality of the flow path shutter means 81 
through 87 to execute the platelet collection operation 
including the-plasma collection/constant-speed circula- 
tion step arid the plasma collection/acceleration circula- 
tion step twice. 

[0039] Subsequent to the termination of the execu- 
tion of a platelet collection step and prior to the start of 
the execution of a blood return step, the controller 13 of 
the blood component collection apparatus 1 executes a 
buffy coat-collection step of flowing out the buffy coat 
from the centrifugal separator 20 and collecting it into 
the buffy coat collection bag 27 by setting a plasma cir- 
culation rate higher than a final plasma circulation rate 
in the platelet collection step by means of the first liquid 
supply pump 11. The buffy coat collection step is not 
limited to the above-mentioned method. As an example, 
the buffy coat collection step may be executed by main- 
taining the plasma circulation rate at the final plasma 
circulation rate in the platelet collection step by means 
of the first liquid supply pump 11 and deceasing the 
rotational speed of the rotor 142 of the centrifugal sepa- 
rator 20. As another example, the buffy coat collection 
step may be executed by setting the plasma circulation 
rate higher than the final plasma circulation rate in the 
platelet collection step by means of the first liquid supply 
pump 11 and decreasing the rotational speed of the 
rotor 142 of the centrifugal separator 20. 
[0040] After the execution of the buffy coat collec- 
tion step terminates and before the execution of the 
subsequent blood collection step starts, the controller 
13 controls the first liquid supply pump 1 1 and a plurality 
of the flow path shutter means 81 through 87 to execute 
the buffy coat return step of returning the collected buffy 
coat to the centrifugal separator 20. 
[0041] Specifically, an anticoagulant is added to the 
whole blood at a predetermined ratio (1/8 to 1/20, spe- 
cifically, 1/10 of the whole blood). The anticoagulant- 
added blood is fed to the centrifugal separator 20 
through the first line 21 at a predetermined rate (250 
ml/min or less, preferably, 150 to 40 ml/min or less, or 
specifically, 60 ml/min or less). The centrifugal separa- 
tor 20 is rotated at a predetermined rotational speed 
(3000 to 6000 rpm, or preferably, 4700 to 4800 rpm) to 
separate the blood into the plasma, the buffy coat, and 
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the red cells. The plasma that has overflowed the cen- 
trifugal separator 20 is collected in the plasma collection 
bag 25. At a time point when a predetermined amount 
(10 to 150 mi, or preferably 20 to 30 m!) of the plasma is 
collected, the blood supply is stopped. Then, the s 
plasma is returned to the centrifugal separator 20 
through the first and second lines 21, 22 under prede- 
termined conditions (at a rate higher than that in the 
blood collection, namely, 60 to 250 ml/min for 10 to 90 
seconds, or specifically, 200 ml/min for 30 seconds in w 
the first circulation). That is, a constant-speed plasma 
circulation is executed. 

[0042] Then, the anticoagulant is added again to 
the whole blood at the predetermined ratio (1/8 to 1/20, 
specif ically, 1/1 0 of the whole blood). The anticoagulant- 75 
added blood is fed to the centrifugal separator 20 
through the first line 21 at the predetermined rate (250 
ml/min or less, preferably, 150 to 40 ml/min or less, spe- 
cifically, 60 ml/min or less). The centrifugal separator 20 
is rotated at the predetermined rotational speed (3000 20 
to 6000 rpm, preferably, 4700 to 4800 rpm) to separate 
the blood into the plasma, the buffy coat, and the red 
cells. When the position of the boundary of blood cells 
inside the centrifugal separator 20 is detected by the 
buffy coat boundary sensor, the blood supply is 25 
stopped. Then, the plasma is returned to the centrifugal 
separator 20 through the f irst and second lines 21, 22 
under predetermined conditions (initial speed: 60 to 250 
ml/min, final arrival speed (set speed) 150 - 250 ml/min, 
acceleration condition: increase of 2 - 10 ml/min, and 30 
circulation time period: 10-90 seconds). That is, an 
acceleration plasma circulation is executed. 
[0043] After the whole anticoagulant-added blood is 
fed again under predetermined conditions (collection 
amount of blood: 0 to 2500/Hct% [mi], specifically, 400 35 
to 1000/Hct% [ml]), the plasma is returned to the centrif- 
ugal separator 20 through the first and second lines 21 , 
22 under the predetermined conditions. The accelera- 
tion rate is increased stepwise under predetermined 
conditions (stepwise acceleration ranging from 0. 1 to 99 40 
ml/min/sec, or specifically, 2-10 ml/min/sec) until the 
platelet collection rate (60 to 250 ml/min, or actually, 200 
ml/min) is attained. The platelets released from the cen- 
trifugal separator 20 are collected in the platelet collec- 
tion bag 26. Then, in the blood component collection 45 
apparatus 1 , the blood circulation rate (at 60 to 250 
ml/min., specifically, 200 ml/min) is maintained while 
reducing the rotational speed of the centrifugal separa- 
tor 20 (by 100 to 300 rpm, preferably by 4500 to 4600 
rpm). In this way, the released buffy coat is collected so 
and supplied to the centrifugal separator 20 prior to the 
start of the next blood collection cycle. The buffy coat 
may be collected by increasing the blood circulation rate 
to a predetermined one (not less than the platelet col- 
lection rate, preferably 60 to 250 ml/min., specifically, 55 
205 ml/min.) after the platelets are collected. 
[0044] The blood component collection process 
(first platelet collection operation) to be executed by the 



blood component collection apparatus 1 according to 
the embodiment will be described with reference to 
flowcharts of Figs. 4, 5 to 10. In the embodiment, the 
platelet collection operation is repeated twice, and after 
the execution of each platelet collection step pther than 
the last one terminates and prior to the start of the exe- 
cution of the blood return step, the buffy coat collection 
step is executed. Prior to the start of the execution of the 
next bleed collection step, the buffy coat return step is 
performed to return the buffy coat to the centrifugal sep- 
arator 20. 

[0045] First, the third line 23 and the blood collec- 
tion needle 29 are primed with the anticoagulant and 
then the blood collection needle 29 is stuck on the 
donor. 

[0046] As shown in Fig. 5, the controller 13 exe- 
cutes the first plasma collection step of collecting the 
anticoagulant-added blood by starting the first and sec- 
ond liquid supply pumps 11, 12 and collecting the first 
predetermined amount of the plasma into the plasma 
collection bag 25 by activating the centrifugal separator 
drive unit 10. 

[0047] When the first blood collection starts, the 
blood pump 1 1 is rotated at a predetermined rate (for 
example, 60 ml/min). At this time, a second pump con- 
stituting the anticoagulant pump supplies the anticoagu- 
lant (for example, ACD-A solution) at a predetermined 
rate (for example, 1/10 of the blood pump rate). The 
blood drawn from the donor is mixed with the ACD-A 
solution, flows through the first line 21, the chamber, 
and the first flow path shutter means 81 , and flows into 
the centrifugal separator 20. At the above time point, the 
sixth flow path shutter means 86, the fifth flow path shut- 
ter means 85, the second flow path shutter means 82, 
the third flow path shutter means 83, and the seventh 
flow path shutter means 87 are closed. Meanwhile the 
first flow path shutter means 81 and the fourth flow path 
shutter means 84 are open. When the ACD-A solution- 
added blood is fed to the centrifugal separator 20, steri- 
lized air that has stayed in the centrifugal separator 20 
flows into the platelet collection bag 26 through the sec- 
ond line 22 and the flow path shutter means 84. Simul- 
taneously with the start of the blood collection, the 
centrifugal separator 20 starts rotating at a predeter- 
mined speed (for example, 4800 rpm) while it is being 
supplied with the ACD-A solution-added blood. In the 
centrifugal separator 20, therefore, the blood is centrifu- 
gally separated into a plasma layer (inner layer), a buffy 
coat layer (BC layer, intermediate layer), and a red cell 
layer (outer layer). When the ACD-A solution-added 
blood (about 270 ml) is supplied in excess of the capac- 
ity of the centrifugal separator 20, the centrifugal sepa- 
rator 20 is completely filled with the blood, and the 
plasma overflows through the outlet of the centrifugal 
separator 20. The turbidity sensor 14 mounted on the 
second line 22 connected with the outlet of the centrifu- 
gal separator 20 detects that the fluid flowing through 
the second line 22 has changed from the air to the 
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plasma. Upon receipt of the detection signal transmitted 
from the turbidity sensor 14, the controller 13 doses the ■ 
fourth flow path shutter means 84 and opens the third 
flow path shutter means 83 to collect the plasma into the 
plasma collection bag 25. The weight of the plasma col- 
lection bag 25 is measured in advance by the weight 
sensor 16, and a signal indicating the measured weight 
is transmitted to the controller 13. Thus, when the* 
weight of the plasma collected in the plasma collection 
bag 25 is increased to a predetermined amount (10 to 
150 g, for example, 20 g), the controller 13 closes the 
first flow path shutter means 81 and opens the second 
flow path shutter means 82 to proceed to the constant- 
speed plasma circulation step. 

[0048] In the constant-speed circulation step, the 
. blood collection is temporarily suspended, and the cen- 
trifugal separator drive unit 10 is activated to circulate 
the plasma contained in the plasma collection bag 25 to 
the centrifugal separator 20 at a constant speed. 
[0049] Upon start of the execution of the constant- 
speed circulation step, the controller 13 keeps the first 
flow path shutter means 81 closed and the second flow 
path shutter means 82 opened, stops the ACD-A pump 
12, and starts the blood pump 11 at the predetermined 
rate (60 to 250 ml/min, for example, 200 m!/min). The 
plasma collected in the plasma collection bag 25 is fed 
to the centrifugal separator 20 rotating at 4800 rpm 
through the second flow path shutter means 82. At the 
same time, the plasma which has flowed from the cen- 
trifugal separator 20 flows into the plasma collection 
bag 25 through the turbidity sensor 1 4 and the third flow 
path shutter means 83. With the lapse of a predeter- 
mined length of time (10 to 90 sec, for example, 30 sec- 
onds) from the start of the constant-speed circulation 
step, the controller 13 closes the second flow path shut- 
ter means 82 and opens the first flow path shutter 
means 81 to proceed to the second plasma collection 
step. The first plasma circulation step is executed pref- 
erably at the flow rate of 60 ml/min or more for at least 
10 seconds. 

[0050] In the second plasma collection step, the 
first and second liquid supply pumps 11,12 are started 
to collect the anticoagulant-added blood. Upon detec- 
tion of the buffy coat layer in the centrifugal separator 20 
because of an increase in the amount of the plasma in 
the platelet collection bag 26, a detection signal is trans- 
mitted from the optical sensor 15 to the controller t3. 
Upon receipt of the signal, the controller 13 closes the 
first flow path shutter means 81 and opens the second 
flow path shutter means 82 to proceed to the accelera- 
tion plasma circulation step. 

[0051] More specifically, the first blood pump 11 is 
activated to collect the blood at a predetermined rate 
(for example, 60 ml/min). At this time, the second pump 
constituting the anticoagulant pump supplies the antico- 
agulant (for example, ACD-A solution) at a predeter- 
mined rate (for example, 1/10 of the rate of the blood 
pump). The blood drawn from the donor is mixed with 



the ACD-A solution. The ACD-A solution-added blood 
flows into the centrifugal separator 20 rotating at a pre- 
determined rate (for example, 4800 rpm), and the 
plasma is collected in the plasma collection bag 25. 

5 Normally, upon detection of the buffy coat layer in the 
centrifugal separator 20 because of an increase in the 
amount of the plasma in the platelet collection bag 26, a 
detection signal is transmitted from the optical sensor 
15 to the controller 13. Upon receipt of the signal, the 

10 controller 13 closes the first flow path shutter means 81 
and opens the second flow path shutter means 82 to 
proceed to the acceleration plasma circulation step. In 
the second plasma collection step, the plasma is col- 
lected until the optical sensor 15 detects the buffy coat 

75 (BC boundary: boundary between plasma layer and 
. "buffy coat layer). 
[0052] In the acceleration plasma circulation step, 
the blood collection is temporarily suspended and the 
centrifugal separator drive unit 1 0 is activated to circu- 

20 late the plasma in the plasma collection bag 25 to the 
centrifugal separator 20. In the process, the blood pump 
operates at an initial rate, for example, at 60 ml/min 
lower than that in the constant-speed plasma circulation 
step and accelerated at 6.7 ml/min for 21 seconds until 

25 a final rate reaches 200 ml/min. Upon completion of the 
acceleration plasma circulation step, the process pro- 
ceeds to © of the flowchart of Fig. 6 showing a blood 
collection step for adjustment of boundary. 
[0053] As shown in Fig. 6, the blood collection step 

30 for boundary adjustment can be regarded as a step of 
collecting a small amount of plasma. In this step, in 
order to keep the position of the buffy coat layer con- 
stant, irrespective of donors in the subsequent platelet 
collection step, the blood is collected in correspondence 

35 to a predetermined amount of red cells to be supplied. 
The supply amount of the red cells is.defined as a value 
derived from dividing a collected amount of blood by the 
hematocrit value of the donor. Practically about 12 ml of 
the blood is collected. The blood collection starts by 

40 rotating the first liquid supply pump 1 1 at a predeter- 
mined rate (for example, 60 ml/min). At this time, the 
second pump constituting the anticoagulant pump also 
supplies the anticoagulant (such as the ACD-A solution) 
at a predetermined rate (for example, 1/10 of the blood 

45 pump rate). The blood collected from the donor is mixed 
with the ACD-A solution. The ACD-A solution-added 
blood flows into the centrifugal separator 20 rotating at 
a predetermined rate (for example, 4800 rpm), and a 
small amount of plasma is collected. Based on a set col- 

50 lection amount and a set pump rotation rate, the control- 
ler 13 computes a blood collection time, and terminates 
the blood collection when the computed blood collection 
time expires. Then the controller 13 closes the first flow 
path shutter means 81 and opens the second flow path 

55 shutter means 82 to proceed to the platelet collection 
step. 

[0054] Upon termination of the acceleration plasma 
circulation step, the controller 13 executes the platelet 
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collection step of flowing out platelets from the centrifu- 
gal separator 20 and collecting them into the platelet 
collection bag 26 by accelerating the plasma circulation 
rate by means of the first liquid supply pump 1 1 . The 
platelet collection step is called, an acceleration proc- 
ess. In this step, the controller 13 controls the rotational 
speed of the blood pump to increase it stepwise by 10 
ml/min every predetermined time period (for example, 
every one second) from 60 ml/min to 200 ml/min. When 
the rotational speed of the blood pump reaches 200 
ml/min, it is maintained until the platelet collection step 
terminates. 

[0055] Upon start of the platelet collection step, the 
turbidity sensor 14 detects the turbidity of a liquid pass- 
ing therethrough and outputs a voltage corresponding 
to a detected turbidity. The output signal of the turbidity 
sensor 14 is applied to the controller 13. When the rota- 
tional speed of the blood pump increases and reaches 
a rate ranging from 160 to 200 ml/min, platelets con- 
tained in the buffy coat layer that have stayed in the cen- 
trifugal separator 20 flow out therefrom. As a result of 
the release of the platelets, the turbidity of the liquid 
passing through the turbidity sensor 14 becomes high. 
At a time point when a voltage outputted from the turbid- 
ity sensor 14 drops by 0.2 V, the third flow path shutter 
means 83 is closed and the fourth flow path shutter 
means 84 is opened. Thus the platelet-rich plasma 
released from the centrifugal separator 20 is collected in 
the platelet collection bag 26. The controller 1 3 converts 
the voltage outputted from the turbidity sensor 14 into a 
platelet concentration to compute a platelet concentra- 
tion in the platelet collection bag 26 during the platelet 
collection operation. The platelet concentration in the 
platelet collection bag 26 drops after reaching a maxi- 
mum value. At a time point when it is detected that the 
maximum concentration has been attained, the execu- 
tion of the platelet collection step finishes and the proc- 
ess proceeds to the buffy coat collection step. 
[0056] Upon completion of the platelet collection 
step, the buffy coat collection step is executed. In this 
step, the controller 13 closes the fourth flow path shutter 
means 84 and opens the fifth flow path shutter means 
85. The plasma in the plasma collection bag 25 is fed to 
the centrifugal separator 20 by the blood pump 1 1 . At 
the same time, the liquid that has been released (the 
buffy coat layer that has flowed out) from the centrifugal 
separator 20 flows into the buffy coat collection bag 27. 
In the buffy coat collection step, the final rate of the rota- 
tional speed of the blood pump in the platelet collection 
step is maintained, and the rotational speed of the cen- 
trifugal separator 20 is decreased to 4600 rpm. In this 
manner, the buffy coat is released from the centrifugal 
separator 20 and collected in the buffy coat collection 
bag 27. At a time point when the amount of the collected 
buffy coat reaches a value computed based on the 
hematocrit value of the donor and the amount of col- 
lected platelet, the blood pump 1 1 is stopped and all the 
valves are closed. Thus the centrifugal separator 20 



stops rotating, i.e., the execution of the buffy coat collec- 
tion step terminates. 

[0057] Then, the blood return step of returning the 
blood in the centrifugal separator 20 to the donor is exe- 
5 cuted. The controller 13 rotates the blood pump 11 in a 
reverse direction, opens* the first flow path shutter 
means 81, and returns the red cell layer remaining in 
the centrifugal separator 20 to the donor through the 
first line 21. 

10 [0058] Thus, the first (initial) platelet collection oper- 
ation terminates. 

[0059] Then, the process proceeds to a second 
platelet collection operation, as shown in Fig. 7. 
[0060] First referring to Fig. 7, the controller 1 3 exe- 

15 cutes the buffy coat return step of returning the buffy 
coat collected in the first platelet collection step to the 
centrifugal separator 20 before the next blood collection 
step is executed. Once the process proceeds to the 
buffy coat return step, the controller 13 rotates the cen- 

20 trifugal separator 20 at a predetermined rotational 
speed (for example, 4800 rpm), opens the fifth flow path 
shutter means 85 and the fourth flow path shutter 
means 84, and starts the blood pump 1 1 at a predeter- 
mined rate (default value: 100 ml/min). The buffy coat 

25 contained in the buffy coat collection bag 27 is fed to the 
centrifugal separator 20 through the fifth flow path shut- 
ter means 85. The air in the centrifugal separator 20 is 
sent to the platelet collection bag 26 through the second 
line 22 and the fourth flow path shutter means 84. After 

30 the blood pump 1 1 rotates in an amount corresponding 
to the set collection amount of the buffy coat, the execu- 
tion of the buffy coat return step is completed. 
[0061] Then, the process proceeds to the program 
referred to as <2> shown in Fig. 8 after termination of the 

35 execution of the first plasma collection step, the con- 
stant-speed circulation step, the second plasma collec- 
tion step, and the acceleration circulation step. Then, 
the controller 13 executes the blood collection step for 
boundary adjustment the platelet collection step, the 

40 buffy coat collection step, and the blood return step to 
complete the second platelet collection operation. 
[0062] Now, explanation will be given on the last 
platelet collection operation as shown in Fig. 9. In this 
embodiment, the second operation is the last one. How- 

45 ever, the third or subsequent platelet collection opera- 
* tion may be the last one as far as similar effects can be 
obtained. Each of these platelet collection operations 
except the last one is identical to the second platelet 
collection operation (Figs. 7 and 8). 

so [0063] First, as shown in Fig. 9, the buffy coat return 
step is executed. In this step, the buffy coat collected by 
the second platelet collection operation is returned to 
the centrifugal separator 20 prior to the execution of the 
next blood collection step. 

55 [0064] When the process proceeds to the buffy coat 
return step, the controller 13 rotates the centrifugal sep- 
arator 20 at a predetermined rotational speed (for 
example, 4800 rpm), opens the fifth flow path shutter 
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means 85 and the fourth flow path shutter means 84, 
and activates the blood pump 11 at a predetermined 
rate (default value: 100 ml/min). The buffy coat con- 
tained in the buffy coat collection bag 27 passes 
through the fifth flow path shutter means 85 and is sup- 
plied to the centrifugal separator 20. The air in the cen- 
trifugal separator 20 is sent to the platelet collection bag 
26 through the second line 22 and the fourth flow path 
shutter means 84. After the blood pump 1 1 rotates in an 
amount corresponding to the set collection amount of 
the buffy coat, the execution of the buffy coat return step 
terminates. 

[0065] Then, the first plasma collection step is exe- 
cuted. That is, the first and second liquid supply pumps 
11, 12 are started to collect the anticoagulant-added 
blood, and the centrifugal separator drive unit 10 is acti- 
vated to collect a first predetermined amount of plasma 
from the blood and flow it into the plasma collection bag 
25. 

[0066] Upon start of the first blood collection, the 
first liquid supply pump 1 1 is rotated at a predetermined 
rate (for example, 60 ml/min). At this time, the second 
pump constituting the anticoagulant pump supplies the 
anticoagulant (such as the ACD-A solution) at the pre- 
determined rate (for example, 1/10 of the blood, pump 
rate). Blood supplied from the donor is mixed with the 
ACD-A solution. The ACD-A solution-added blood flows 
through the first line 21, passes through the chamber 
and the first flow path shutter means 81, and flows into 
the centrifugal separator 20. At this time, the sixth flow 
path shutter means 86, the fifth flow path shutter means 
85, the second flow path shutter means 82, the third 
flow path shutter means 83, and the seventh flow path 
shutter means 87 are closed. Meanwhile the first flow 
path shutter means 81 and .the fifth flow path shutter 
means 85 are opened. When the ACD-A solution-added 
blood is supplied to the centrifugal separator 20, the 
sterilized air that has been admitted into the centrifugal 
separator 20 flows into the buffy coat collection bag 27 
through a line sensor and the fifth flow path shutter 
means 85. Simultaneously with the start of the blood 
collection step, the centrifugal separator 20 starts rotat- 
ing at the predetermined speed (for example, 4800 
rpm). The centrifugal separator 20 is supplied with the 
ACD-A solution-added blood during its rotation. Thus, 
the centrifugal .separator 20 separates it centrifugally 
into the plasma layer (inner layer), the buffy coat layer 
(BC layer, intermediate layer), and the red cell layer 
(outer layer). When about 270 ml of the ACD-A solution- 
added blood exceeding the capacity of the centrifugal 
separator is supplied to the centrifugal separator 20, it is 
filled with the blood, and the plasma overflows through 
the outlet of the centrifugal separator 20. The turbidity 
sensor 14 mounted on the second line 22 connected to 
the outlet of the centrifugal separator 20 detects that the 
fluid flowing through the line has changed from the air to 
the plasma. Based on the detection signal outputted 
from the turbidity sensor 14, the controller 13 closes the 



fifth flow path shutter means 85 and opens the third flow 
path shutter means 83 to collect the plasma into the 
plasma collection bag 25. The weight of the plasma col- 
lection bag 25 is measured in advance by the weight 

5 sensor 16, and a signal indicating the measured weight 
is transmitted therefrom to the controller 13. Thus, when 
the weight of the plasma collected in the plasma. collec- 
tion bag 25 is increased to a predetermined amount (for 
example, 30 g), the controller 13 closes the first flow 

70 path shutter means 81 and opens the second flow path 
shutter means 82 to proceed to the constant-speed 
plasma circulation step. 

[0067] * After the execution of the above-mentioned 
constant-speed circulation step, the second plasma cir- 
15 culation step, and the acceleration circulation step ter : 
minate, the process proceeds to the program referred to 
as (3) in Fig. 10 to execute the blood collection step for 
boundary adjustment, the platelet collection step, and 
the blood return step sequentially. Thereafter, the last 
20 platelet collection operation terminates. The last and 
second platelet collection operations are different from 
each other in that different air introduction bags are 
used in the constant-speed plasma circulation step of 
both operations and that the blood return step is exe- 
25 cuted without executing the buffy coat collection step in 
the last platelet collection operation. 
[0068] It is known that in a particle suspension, as a 
particle concentration becomes higher, the apparent 
viscosity of the particle suspension becomes increas- 
es ingiy high. As the apparent viscosity becomes higher, 
the difference among sedimentation rates of particles 
having different specific gravities becomes increasingly, 
high. When this fact is applied to the platelet collection 
step, it follows that as the apparent viscosity of the par- 
35 tide suspension in the centrifugal separator 20 
becomes higher, the probability that the white cells hav- 
ing higher specific gravity than that of the platelets flow 
out together with the platelets becomes increasingly 
high. During the blood collection, the centrifugal separa- 
te tor 20 is rotating and a centrifugal force is constantly 
applied to the blood components in the centrifugal sep- 
arator 20. Each blood component in the centrifugal sep- 
arator 20, therefore, is progressively concentrated by 
the centrifugal force. Therefore, as shown in Fig. 3, the 
45 blood is separated into a red cell layer (outer layer), a 
buffy coat layer (intermediate layer), and a plasma layer 
(inner layer). The size of particles in each layer 
decreases sequentially in the direction from the outside 
of the centrifugal separator 20 to the inside thereof. 
so [0069] A plurality of what is called cake layers is 
formed in the centrifugal separator 20. The cake layers 
are gradually compressed. New whole blood flows into 
the centrifugal separator 20 from the cake layer formed 
of outermost blood cells and is trapped thereby. Mean- 
55 while the other blood components pass through the 
cake layer and move to the buffy coat layer and the 
plasma layer. In the case where the blood cell cake layer 
and the buffy coat, cake layer are excessively com- 
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pressed, the gap between fine particles in each of the 
blood cell cake layer and the buffy coat cake layer is 
reduced. This leads to a phenomenon that platelets are 
trapped in the cell cake layer or the buffy coat cake 
layer. Thus, the collection efficiency of the platelets 5 
deteriorates. 

[0070] According to the present invention, the 
plasma collection step is divided into a plurality of steps. 
Therefore, the time length of each plasma collection 
step can be shortened. Further, the cake layers are 10 
compressed very slowly by executing the acceleration 
plasma circulation step after the second blood collection 
terminates. In particular, because the acceleration 
plasma circulation step is executed, the cake layers are 
compressed very slowly and platelets embedded in a 15 
CRC layer (concentrated red cell layer) are moved 
upward even though the final circulation rate of plasma 
is set high. Thus, it is possible to collect the platelets 
into the BC layer. Because the BC layer is also moved 
upward, it is possible to accelerate separation and 20 
arrangement of the platelets and WBC (white cells) in 
the BC layer. Therefore, the platelets can be collected at 
improved collection efficiency. 

EXAMPLES 25 

[0071J An apparatus having a circuit, as shown in 
Fig. 4, including two pumps of an ACD pump 12 and a 
blood pump 1 1 was prepared to compare the platelet 
collection performance of the example and that of a 30 
comparison example. Comparison tests were con- 
ducted on the same donor at an interval of two weeks or 
longer. Evaluated operation flows were compared as 
shown below (n = 2 examples). The number of obtained 
platelets contained in concentrated plasma and the 35 
number of white cells (WBC) were measured by Sys- 
mex (R) NE-6000. The lower limit of the number of WBC 
which can be measured by the Sysmex NE-6000 was 
0.1 x 10 2 [cells/muL]. Thus, Nageotte [1 :9] method was 
used to measure the number of white cells of the sam- 40 
pies that were lower than the lower limit. The collected 
amount of platelet was 40 ml. 

[0072] Platelet collection operation was performed 
twice, using the above-described method. Blood collec- 
tion rate was 60 ml/min. After the total amount of 45 
plasma reached 30 g, a first circulation was conducted 
under a condition of 200 ml/min for 30 seconds. After a 
BC boundary was detected, a second circulation was 
conducted under a condition of an initial rate of 60 
ml/min Jor 30 seconds, an arrival rate of 200ml/min, an 50 
acceleration of 6.7ml/min/sec, and an accelerated time 
period of 21 seconds. The acceleration condition at a 
platelet collection time was 2.2ml/min/sec. The platelet 
collection rate was 200ml/min until the concentration of 
platelet attained a predetermined one. The buffy coat 55 
collection rate was 205 ml/min, 40 ml. In the second 
platelet collection operation, buffy coat was not col- • 
lected. 



22 

(Comparison Example) 

[0073] The same apparatus as that used in the 
example was employed. The platelet collection opera- 
tion was performed twjce under the following conditions: 
The blood collection rate was 60 ml/min. After an optical 
sensor detected a buffy coat layer, a first circulation was 
conducted at the rate of 200 ml/min for 3 seconds, and 
a second circulation was conducted at the rate of 200 
ml/min for 20 seconds. Platelets were collected at an 
acceleration rate of 8 ml/min/sec until the concentration 
of platelet attained 50 % of the maximum concentration. 
[0074] The concentration of platelets contained in 
concentrated plasma and the concentration of white 
cells in the example and the comparison example are 
shown as follows: 



Table 1 





Platelet concentration 
[cells/muL] 




Sample 1 


Sample 2 


Example 


113.8x10 4 


126.5 x10 4 


Comparison Ex. 


104.4 x 10 4 


112.4x 10 4 


Table 2 




White cell concentration 
[cells/muL] 




Sample 1 


Sample 2 


Example 


0.1 x 10 1 


0.1 x 10 2 


Comparison Ex. • 


0.4 x10 2 


0.6 x 10 2 



[0075] The blood component collection apparatus 
according to the present invention has two pumps. 
Thus, it can be reduced in size. A blood collection is 
temporarily suspended in a given platelet collection 
operation. The plasma re-circulation step for re-circulat- 
ing collected plasma to the centrifugal separator is exe- 
cuted at least twice. Further, the plasma re-circulation 
step is executed as the acceleration circulation in a later 
time. Therefore, it is possible to prevent a blood cell 
layer and a buffy coat layer from being excessively com- 
pressed in the centrifugal separator, move upward 
platelets embedded in a concentrated red cell layer, and 
collect platelets into the buffy coat layer. Because the 
buffy coat layer also moves upward, it is possible to 
accelerate separation and arrangement of the platelets 
and white cells in the buffy coat layer. Therefore, the 
blood component collection apparatus produces a high- 
concentration platelet-containing solution (plasma con- 
taining concentrated platelets) that contains a small 
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number of white cells at a high platelet collection effi- 
ciency. 

Claims 

5 

1. A blood component collection apparatus compris- 
ing 

a blood component collection circuit including: 
a centrifugal separator having a rotor, an inter- 10 
nal blood storage space, an inlet and an outlet 
communicating with said blood storage space 
and centrifugally separating blood introduced 
thereinto through said inlet by a rotation of said 
rotor; 15 
a first line for connecting a connecting portion 
of a Wood collection needle or a blood collec- 

tioR instrument and said inlet of said centrifugal 

separator with each other; 

a second line connected to said outlet of said 20 
centrifugal separator; 

a third line connected to said first line, for inject- 
ing an anticoagulant to said blood; 
a plasma collection bag having a first tube con- 
nected with said first line and a second tube 25 
connected with said second line; and 
a platelet collection bag connected with said 
second line; 

said blood component collection apparatus fur- 
ther comprising: 30 
a centrifugal separator drive unit for rotating 
said rotor of said centrifugal separator; 
a first liquid supply pump which is used for said 
first line and located at a position of said first 
line between said centrifugal separator and a 35 
connecting portion for connecting said first 
tube to said first line; 

a second liquid supply pump which is used for 2. 
said third line; 

a plurality of flow path shutter means for open- 40 
ing/closing flow paths of said blood component 
collection circuit; and 

a controller for controlling said centrifugal sep- 
arator drive unit, said first liquid supply pump, 
said second liquid supply pump, and a plurality 45 
of said flow path shutter means; 
wherein said controller controls said centrifugal 
separator drive unit, said first liquid supply 
pump, said second liquid supply pump, and a 
plurality of said flow path shutter means to exe- so 3. 
cute a platelet collection operation including: 
a plasma collection/constant-speed circulation 
step including a first plasma collection step of 
collecting anticoagulant-added blood by start- 4. 
ing said first and second liquid supply pumps 55 
and collecting a predetermined amount of 
plasma into said plasma collection bag by acti- 
vating said centrifugal separator drive unit; and 



a constant-speed plasma circulation step 
which is executed after said execution of said 
first plasma collection step terminates to tem- 
porarily suspend a blood collection and circu- 
late said plasma contained in said plasma 
collection bag to said centrifugal separator at a 
constant speed by activating said centrifugal 
separator drive unit; 

a- plasma collection/acceleration circulation 
step including a second plasma collection step 
which is executed after said execution of said 
plasma col lection/constant-speed circulation 
step terminates to collect said anticoagulant- 
added blood by starting said first and second 
liquid supply pumps and collect said plasma by 
activating said centrifugal separator drive unit; 
and an acceleration plasma circulation step 
which is executed after said execution of said 
second plasma collection step is executed to 
temporarily suspend said blood collection and 
circulate said plasma contained in said plasma 
collection bag to said centrifugal separator at 
an accelerated speed by activating said centrif- 
ugal separator drive unit, 
a platelet collection step which is executed 
after said execution of said plasma collec- 
tion/acceleration circulation step terminates to 
flow out platelets from said centrifugal separa- 
tor and collect said platelets into said platelet 
collection bag by accelerating a plasma circula- 
tion rate by means of said first liquid supply 
pump, and 

a blood return step which is executed after said 
execution of said platelet collection step termi- 
nates to return said blood inside said centrifu- 
gal separator to a donor. 

A blood component collection apparatus according 
to claim 1 , wherein after said plasma collec- 
tion/acceleration circulation step terminates and 
before said plasma circulation rate is accelerated 
by means of said first liquid supply pump, said con- 
troller executes said first plasma collection step of 
collecting said anticoagulant-added blood by start- 
ing said first and second liquid supply pumps and 
collecting said predetermined amount of said 
plasma into said plasma collection bag, by activat- 
ing said centrifugal separator drive unit. 

A blood component collection apparatus according 
to claim 1 or 2, further comprising a weight sensor 
for measuring a weight said plasma collection bag. . 

A blood component collection apparatus according 
to any one of claims 1 to 3, wherein said controller 
controls said centrifugal separator drive unit, said 
first liquid supply pump, said second liquid supply 
pump, and a plurality of saltt flow path shutter 
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means to execute said platelet collection operation 
at least twice. 

A blood component collection apparatus according 
to any one of claims 1 to 4, wherein said blood com- s 
ponent collection circuit has a buffy coat collection 
bag connected with said second line; and after said 
execution of said platelet collection step terminates 
and before said execution of said blood return step 
starts, said controller executes a buffy coat collec- 10 
tion step of flowing out a buffy Goat from said cen- 
trifugal separator and collecting said buffy coat into 
said buffy coat collection bag by setting a plasma 
circulation rate higher than a final plasma circula- 
tion rate in said platelet collection step by means of is 
said first liquid supply pump. 

A blood component collection apparatus according 
to any one of claims 1 to 4, wherein said blood com- 
ponent collection circuit has a buffy coat collection 20 
bag connected with said second line; and after said 
execution of said platelet collection step terminates 
and before said execution of said blood return step 
starts, said controller executes a bully coat collec- 
tion step of flowing out a buffy coat from said cen- 25- 
trifugal separator and collecting said buffy coat into 
said buffy coat collection bag by setting said 
plasma circulation rate equally to or higher than 
said final plasma circulation rate in said platelet col- 
lection step by means of said first liquid supply 30 
pump and a rotor rate of said centrifugal separator 
equally to or lower than a rotor rate of said centrifu- 
gal separator in said platelet collection step. 

A blood component collection apparatus according 35 
to claim 5 or 6, wherein when a platelet collection 
operation is executed after said buffy coat collection 
step terminates, said controller controls said first 
liquid supply pump and a plurality of said flow path 
shutter means to execute a buffy coat return step of 40 
returning said collected buffy coat to said centrifu- 
gal separator before a subsequent first plasma col- 
lection step is executed. 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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(54) Blood component collection apparatus 

(57) A blood component collection apparatus 1 has 
a controller 13 for controlling a centrifugal separator 
drive unit 1 0, a first liquid supply pump 11 , a second liq- 
uid supply pump 12, and a plurality of flow path shutter 
means to execute a platelet collection operation. The 
controller 13 executes a plasma collection/constant- 
speed circulation step including a first plasma collection 
step of collecting anticoagulant-added blood by starting 



the first and second liquid supply pumps 11,12 and col- 
lecting a first predetermined amount of plasma into the 
plasma collection bag 25 and a plasma collection/accel- 
eration circulation step including a second plasma col- 
lection step of collecting the anticoagulant-added blood 
by starting the first and second liquid supply pumps 1 1 , 
12 and collecting the plasma. 
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